More educated parents are observed to have better educated children. From a policy point of view, however, it is important to distinguish between causation and selection. Previous research trying to control for unobserved heterogeneity has found conflicting results: in most cases, a strong positive paternal effect was found with a negligible maternal effect; in fewer cases, opposite results were found. In this paper, I make use of a sample of Norwegian twins to evaluate the impact on the robustness of the estimates when varying the sample size and when selecting different parts of the population. Results concerning the effect of mother's education are very sensitive to the size of the sample, while the part of the educational distribution considered seems to be a key to reconciling previous results from the literature.
Introduction
Much research, in recent years, has focused on the link between parental education and children's education. It has been empirically shown that more educated parents have better educated children. Using simple regression analysis, the correlation between parent's and child's education is strong and robust to a number of controls, sample selections, and countries (Haveman and Wolfe, 1995; Hertz et al., 2007) .
The policy implications of a causal link between parental education and children's education are huge. Increasing education today would lead to an increase in the schooling of the next generation and, in this way, to an improvement of later life outcomes such as health, productivity and wealth.
From a policy point of view, however, it is important to distinguish between causation and selection.
Better educated parents have, for example, higher ability, which partially transmits to their children.
Better schooling performances of their children could be simply the outcome of this genetic transmission.
When researchers have tried to control for ability and other unobserved characteristics of the parental environment, they have found conflicting results. In most cases, they have found a strong positive father's effect with a negligible mother's effect. In a few cases, a positive effect has been found for the mother and not for the father. The results depend on different identification strategies, and on different sources of information. In Section 2, techniques and results are summarized from previous studies, with particular attention to the work by Holmlund, Lindahl, and Plug (2008) . Their study uses different identification strategies with the same data source, concluding that the identification strategy matters. My paper is in the same spirit as Holmlund, Lindahl, and Plug (2008) , trying to shed some light on the intergenerational transmission of schooling by repeating some previous analyses with new and rich data, and by testing what may drive the results. While Holmlund, Lindahl, and Plug (2008) employ different identification strategies using the same data, I only make use of one strategy, the twinestimator, and focus on how sample size and heterogeneous effects in the population may help explain different results found in the literature.
To this aim, I use Norwegian register data, a very rich source of information, which provides demographic, educational, and income characteristics for the whole population for the years [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] (Section 3). In Section 4, the twin-estimator is employed to identify the intergenerational transmission of schooling, and further analyses are carried out to check how robust estimates are when varying the sample size and when selecting different parts of the population. In Section 5, analyses are repeated by using siblings instead of twins. The size of the bias in the estimates, which we may get from the study of siblings, is informative on the nature of what we call "family unobservables". This section also provides a benchmark for analyses carried out with siblings, which are more easily available in survey data. Conclusions follow in Section 6.
The paper finds a positive and strong effect of father's education on children's education, as in previous papers, but also a positive and significant effect of mother's education, even if smaller in absolute value. Both sample size and heterogeneous effects along the educational distribution are shown to be important for explaining different results by gender. The paper shows that, with relatively small samples (typical of twins studies), we are always more likely to find a significant effect of father's education than of mother's. By focusing on different parts of the educational distribution, the paper finds that the effect of father's education is very strong but only at the top part of the distribution, while one year more of mother's education seems to matter more for low-educated mothers. Results obtained with siblings go in the same direction, but tend to underestimate the effect of one additional year of father's schooling.
The Intergenerational Transmission of Education in the Economic Literature
There are typically three strategies used in the literature to identify the effect of parental education on children's education: identical twins, adopted children, and an instrumental variable approach where the instrument is a reform of the educational system. All strategies aim to separate the effect of parental education from the effect of other unobservable characteristics (e.g., cognitive and non-cognitive skills) that are correlated with parental education, are transmitted from parents to children, and influence children's schooling attainment. They will be generally called family unobservables throughout the paper. This paper uses monozygotic and dizygotic twins to determine the effect of parental education on children's education (see Sections 3 and 4). In fact, twins are the most similar individuals we can observe: they share the same family background, they experience lifetime events at the same time, and they share the same genes (only if monozygotic twins). When studying the intergenerational transmission of education, we compare the schooling of twins' children (i.e., cousins). The cousins share to the same degree the ability and other family features transmitted by the twins. On the other hand, they are exposed to different treatments: they can be the children of the more educated twin, the other parent (twin's spouse) has different characteristics, and some of them can grow up in a single-parent household. In such studies, we can identify the effect of parental education on children's education, looking whether the child of the more educated twin has higher educational attainment than the child of the less educated twin. The shortcoming of this strategy is the assumption of random education between twins: why do children with identical abilities and experiences end up with different levels of education? If there are some characteristics which make one twin gain more education than the other, and if these characteristics can be transmitted to their children, then the resulting estimates are still biased. Despite this strong assumption, this method has been recognized as a good way to reduce the bias (Bound and Solon, 1999) . Another critique of the use of the twin-estimator is its sensitivity to measurement errors (Griliches, 1979; Ashenfelter and Krueger, 1994; Neumark, 1994; Bound and Solon, 1999; Light and Flores-Lagunes, 2006) . From the point of view of external validity, we may wonder whether twins are representative of the whole population: we know, for example, that they have lower weight at birth, they are more likely to have problems in language, and they are brought up differently than other children (Mowrer, 1954; Mittler, 1971; Stewart, 2000; Schieve et al., 2002) .
When there are not enough twins (this is always the case in survey data), researchers have used siblings for the same purpose: trying to separate the effect of interest from the unobservable characteristics of the family (Behrman and Wolfe, 1989; Neumark and Korenman, 1994; Altonji and Dunn, 1996; Ashenfelter and Zimmerman, 1997; Aaronson, 1998; Ermisch and Francesconi, 2000) .
Using siblings instead of twins has some advantages but also evident shortcomings. On the one hand, they all have the same family background, experience similar lifetime events (but at different times), are more representative of the population, and can provide larger samples and more precise estimates.
On the other hand, they do not fully share the same genes and the results obtained are then potentially biased.
Another strategy used to eliminate, or at least reduce, the bias in the estimation of the intergenerational transmission of education is to use a sample of adopted children. In fact, there is no genetic transmission of ability between adopted children and their adoptive parents. In this case, a relationship between parental and children's education should reveal a causal link between the two, while the comparison with estimates obtained from own-born children can be suggestive of the importance of the family unobservables. The most common criticism of this strategy is that children are not randomly assigned: if adoption authorities have information on children's natural parents, they can use it to match children to adoptive couples. Another criticism derives from the fact that adoptive parents are not representative: they are, on average, older, better educated and more motivated than the overall population. This could threaten the generalization of the results.
Finally, other studies have used a reform of the educational system as an instrument for parental education. For example, increasing the age of compulsory schooling lengthens the years of education exogenously. Exploiting this exogenous variation, we can observe whether the children of parents whose education has increased due to the reform achieve more in the education system than children of parents not influenced by the reform. There is no risk of bias in this case, but results cannot be generalized to the whole population if the reform of the schooling system involves only the bottom part of the educational distribution.
There are a number of papers which use different strategies, data, outcomes and control variables. I focus on those with "years of schooling" as the outcome variable and which take into account the level of education of both parents simultaneously. These studies are most comparable with the work carried out in this paper. Since the aim is to explain variation in the statistical significance of results, I indicate that a parameter estimate is significant at 10% level with 1 star, at 5% with 2 stars, at 1% with 3 stars. After what they consider to be an appropriate cleaning of the dataset, they have a sample of 90 pairs of twin-mothers and 47 of twin-fathers. But the striking difference between genders remains: the effect of father's education is positive (0.477 -standard error not available) and mother's effect close to zero (-0.003 -standard error not available).
To estimate the effect of mother's schooling on children's schooling, Plug (2004) controls for the effect of unobserved inherited abilities, obtaining identification by using adopted children instead of twins. He uses information collected in 1992 from 610 students who graduated from high schools in
Wisconsin in 1957 and also finds a strong and positive effect of father's education (0.209***) and little effect of mother's education (0.089). He proposes different explanations for this result: some are substantive (better educated women spend less time with their children, differences in upbringing between own children and adopted children, adopted children different from other children in ways related to maternal schooling effects); some are more related to the design of the analysis (measurement error, heterogeneity with respect to the age adopted children enter their adoptive families, selection of highly educated mothers and consequently little variance in their education).
Using Swedish adoption data, Björklund, Lindahl, and Plug (2006) are not only able to remove the family unobservable characteristics from the effect of interest but also able to distinguish between prebirth factors (genetics and prenatal environment) and post-birth environmental factors. They exploit the fact that Swedish register data contains information for both biological and adoptive parents. They have information on both pairs of parents for 2,125 adopted children. The effect of adoptive father's education is positive (0.094***) while that of adoptive mother's is small and insignificant (0.021). (2005) These conflicting results obtained using various identification strategies and different datasets raise the question of what drives the differences. Are they data specific or do they depend on identification strategy? Holmlund, Lindahl, and Plug (2008) use different identification strategies with the same source of data, reaching the conclusion that it is the source of identification that matters. They select from Swedish register data parents born between 1943 and 1955, whose experience of the reform of compulsory schooling depended on the municipality of residence. They find a positive result of mother's education (0.150**), while they do not find any significant corresponding effect for father's education (0.019). Using information from around 4,000 foreign-born children adopted by parents of the 1943-1955 birth-cohorts, they find small but positive effects of both father's (0.026**) and mother's education (0.034***). Finally, they have 5,586 children of twin-mothers and 4,061 of twinfathers (only half of them monozygotic), from which they estimate a mother's effect equal to 0.038 and a father's effect equal to 0.110***. This paper, by using rich data on Norwegian twins, aims at adding empirical evidence in this field of research by exploring how sensitive are results to the sample size and to the part of the population selected for the analysis.
Black, Devereux, and Salvanes

Norwegian Parents and Children
The first step of my empirical research is to replicate the analyses carried out in previous work (Behrman and Rosenzweig, 2002; Antonovics and Goldberger, 2005; Holmlund, Lindahl, and Plug, 2008) in order to provide comparable results. The twin-estimator, which is used to estimate the intergenerational schooling effect, indicates whether the child of the more educated twin obtains more schooling qualifications, controlling for the unobservable characteristics transmitted by the parent. The twin-estimator is criticized for assuming random education between twins, for being sensitive to measurement error, and because twins may be not representative of the whole population. This paper does debate the assumption of randomness of twins' education, but considers the twinestimator at least as a valid method to reduce the bias. To investigate whether twins may be considered representative of the population, the paper provides some descriptive statistics comparing twins and the general population. Because of the use of the registers, measurement error should be a minimal problem with these data.
The sample of twin-mothers is made of 1,609 mothers in 804 families who have 3,009 children aged over 22 in 2001; the sample of twin-fathers is composed of 1,606 fathers in 802 families with 3,086 children over 22.
In Table 1 , I compare twins' families with non-twins' families, looking at their background and at their children's outcomes in terms of education, work, welfare dependence, and family composition. Descriptive statistics are reported in Table 1 separately for mothers and fathers, twin-parents and parents from the overall population. Comparing twins and general parents, we mainly observe age differences: parents from the overall population are older and, consequently, with older children than twin-parents. Twin-fathers earn more and receive a smaller amount of transfers which may result from their higher likelihood to be still in the labour market, given their younger age. But there are no differences at all in schooling and income sources of their children. Therefore, we may be fairly confident that results obtained by twins, in this specific field, may be generalized to the overall population.
The Use of Twins for Estimating the Intergenerational Transmission of Schooling
I define Y as the child's years of schooling, X as the twin's years of schooling, and Z as other factors which may influence the child's education. For child i in the family j, we have
where β is the effect of parental education on the child's years of schooling, α the effect of other factors, u are the unobservable characteristics shared in the family j, and ε is the error term assumed to be white noise. A pooled regression of Y on X and Z (cross-section) is not appropriate since it ignores the unobservable characteristics u shared in each family, which may be correlated with parental education. We can eliminate u from the equation, differencing the data in the following way
where j y is the average years of schooling of children in family j, j x is the average years of schooling of twins in family j, and j z are other average characteristics of the family j.
Among the factors Z which may affect children's schooling, I control for the other parent's characteristics, parental divorce, gender and age of the child. The aim of considering the other parent's characteristics is to control for assortative mating. Following Behrman and Rosenzweig (2002) , I include, beyond the other parent's years of schooling, the earnings endowment which is the part of his/her earnings that does not depend on schooling, i.e. the residual from the earnings equation. 5 The dummy variable "divorce" is equal to 1 when the two parents are not living together in 1993. Finally, the inclusion of the variable "age" helps to control for performance of younger students, less likely to have reached the highest levels of education. 6
In Table 2 results from the twin-estimator are presented. In the OLS estimation, all variables with the exception of age are highly significant and in the expected direction. In the twin-estimations, the effect of twin's schooling is reduced, particularly for mothers, but is still positive and significant for both mothers (0.096**) and fathers (0.158***). For the first time, applying this identification strategy, a positive effect of mother's education has been found. Moreover, the effect of mother's schooling is not found to be significantly different from the effect of father's education. 5 The omission of this variable may bias the effect of the twins' schooling, if earnings of the other parent are correlated with twin's education (e.g., richer men get married with better-educated women). On the other hand, the inclusion of observed earnings may bias downwards the effect of the other parent's schooling, since observed earnings depend on education. Register data contain annual earnings but not hours of work, therefore a yearly earnings equation has been estimated and residuals included in the model. 6 De Haan and propose and compare different methodologies to treat these censored observations, and conclude that using parental expectations if they were realizations seems to deal better with censoring problems. Register data do not provide this kind of information.
However, one limitation of the data is that we cannot distinguish between monozygotic and dizygotic twins. To the extent to which the unobservables which influence the child's schooling attainment are written in the genes, this lack of information may bias the estimate, since dizygotic twins do not share all the same genetic code. In order to understand how much this matters, I select siblings who were born very close together, estimate the intergenerational transmission of schooling, and compare the estimate with the one obtained using twins, who may be considered a mixed group of identical twins and siblings born on the same day. I select siblings whose difference in age is between 9 and 13 months. This allows us to have about the same sample size. Results are reported in Table 3: the effect of mother's schooling is positive (0.139***) and not significantly different from the one obtained from twins; the effect of father's education is positive and smaller (0.123***) but not significantly different from the one obtained by twins. By knowing that half of twins are monozygotic and half dizygotic, and assuming that the coefficients are normally distributed, the maternal effect for identical twins should be equal to 0.052 (std error = 0.089) while the paternal effect should be 0.192
(std error = 0.072). 7 There is no longer enough evidence to say that mother's education has an impact on children's education. Nevertheless, the mother's effect and father's have not yet proved to be different. Obviously, these results suffer from imprecision and by themselves reinforce the motivation of the paper. How much are the estimates of the intergenerational schooling coefficient robust to sampling issues? Are estimates influenced by small sample size? Should we prefer siblings, whose estimates are potentially biased but more precise? Are the effects heterogeneous along the educational distribution?
In order to assess the effect of sample size on the estimates of intergenerational transmission of schooling, I work through simulations: I assume the sample of Norwegian twins to be the population of reference from which I draw samples of different size, estimate the effect of parental schooling, and count how many times I would reject the null hypothesis of zero effect. 8 Results are summarized in Figure 1 . The probability of rejecting the hypothesis of a null effect is increasing in the number of families in the sample, as expected, but the difference between genders is remarkable: given relatively small samples and effects rather close to zero, typical of this kind of study, we are always more likely to reject the null hypothesis at 1% level for fathers than at the 10% level for mothers. It is also hard to say about the difference between mother's and father's effects with these sample and effect sizes: by 7 The average effect of the twins-parents' education for the mixture of monozygotic and dizygotic twins is doubling the number of families (around 1,600 instead of 800) the probability of rejecting the hypothesis that the maternal effect is equal to the paternal effect is only 0.222 at the 5% level. This paper confirms the important role of father's education, found in many twins' study, but also supports the idea that results suffer from little precision, especially in the mother's case, since the mother's effect is closer to zero (but not equal to zero in this paper) than father's. Behrman and Rosenzweig (2002) , followed by Antonovics and Goldberger (2005) , use very small samples which could explain the zero effect of mother's education. On the other hand, Holmlund, Lindahl, and Plug (2008) , using twins but larger sample size, do not find any effect.
In order to study heterogeneous effects of an increase in schooling along the educational distribution, I divide the sample of twins into two parts: one part where both twins are lower educated (primary or lower secondary school) and another part where both are higher educated (upper secondary or tertiary schooling). In Table 4 , we observe a strong and significant effect of father's education but only in the top part of the distribution. On the other hand, no effect of mother's education is found in the top part while there is indication of a positive but still insignificant effect of an increase in schooling for lower educated mothers.
Using the same simulation setting 9 , I measure how likely we are to reject the null hypothesis by varying the number of families in the sample (Figure 2 ) and by focusing separately on the top and bottom part of the distribution. Differences are huge. When looking at highly educated parents, we are very likely to find a significant effect of father's education even with a small sample size, while the probability of observing a significant effect of mother's education is very small, independently of the number of observations in the analysis. When selecting lower educated parents, the probability of rejecting the hypothesis that the effect is zero is very small for fathers, while larger and increased by a larger sample size for mothers.
How can we interpret these results? The results in this paper seem to confirm those obtained using different strategies than twins. Studies which make use of adoption are likely to use small samples of parents better educated than average. They find a positive effect of father's schooling, and no effect or a small effect of mother's (Plug, 2004; Björklund, Lindahl, and Plug, 2006) , which are consistent with the effects found in this paper for highly educated parents. On the other hand, studies which make use of compulsory schooling reform as an instrument (Black, Devereux, and Salvanes, 2005; Holmlund, Lindahl, and Plug, 2008) only find a positive effect of mother's education. This paper does not find a significant effect of schooling for lower educated mothers but simulations on the power of the test show that the probability of rejecting the null hypothesis increases considerably with the number of families in the sample. And, opposite to the studies which employ twins and adopted children, studies which use a schooling reform as an instrument, have quite large samples. 10 Both sample size and heterogeneous effects along the educational distribution are important for explaining different results by gender, and also help to reconcile the apparently conflicting results in the literature when using different identification strategies.
The Use of Siblings for Understanding the Intergenerational Transmission of Schooling
The sibling-estimator is used with the same aims as the twin-estimator, when the sample of twins is not large enough. Siblings share most of the characteristics of the family background but not fully the genes and, depending on the difference in age, experience events at different times. One aim of this Section is to show whether we would arrive at the same conclusions by using siblings instead of twins, and in this way, provide a benchmark for other research. However, the study of siblings may also be informative by itself: the size of the bias we may get from pairs of siblings is indicative of the source of what we have generally called family unobservables. If it is ability, or other characteristics in the genetic code, which creates correlation between parents' and children's education, then we should find a substantial difference between twins' estimates and close siblings' estimates, since close siblings experience events almost at the same time but differ in part of their genes. Instead if it is the time of the events which matters, we expect to find that the difference between twins' and close siblings' estimates is smaller than the difference between twins' estimates and estimates based on siblings born further apart. In making this comparison, we need to recall that samples in this paper are composed of both monozygotic and dizygotic twins. Table 5 shows the estimates of the intergenerational transmission of schooling using siblings.
The samples are composed of pairs of siblings with different distances in age: the closest were born not more than 13 months apart, the furthest between 4 and 5 years. We observe a positive and significant effect of mother's and father's education on children's education with all samples of siblings.
Moreover, there are no significant differences between the mother's and father's effect at any level of distance in age. We would have come to the same conclusions: not only do the estimates show the same direction and significance but sibling-estimates are never significantly different from twinestimates. By comparing twins, closest and furthest siblings, there is no strong evidence of bias by ability or by the time at which events happen.
However, results become puzzling when the analyses are repeated by focusing separately on the bottom and top parts of the educational distribution (Table 6 ). Mother's education is confirmed to matter in the bottom part of the distribution. Furthermore, sister-estimates never significantly differ from twin-estimates. The effect of father's education is still strong in the top part of the distribution, but only when we consider brothers born no more than 13 months apart. One additional year of schooling for highly-educated brothers has a significantly smaller effect than for highly-educated twins.
Why is that? One explanation is that siblings' parents may have compensated for differences in children's abilities by investing more in the less able child (Ermisch, 2003) . This would create a negative correlation between ability and education, biasing downwards the effect of parental education, since ability between siblings is not taken into account as well as it is between twins. This result is in contrast with that found by Behrman, Rosenzweig and Taubman (1994) : they observe a reinforcement behaviour in the family, by using samples of distinguishable monozygotic and dizygotic twins.
However, there are some noticeable differences. First, the compensation behaviour hypothesized in this paper only concerns parents of high educated brothers. We would not reach the same conclusion by looking at lower educated brothers, while support the idea of a reinforcement if any. Second, by using siblings instead of dizygotic twins, parents have more time to learn about the differences in abilities of their children and may feel less unfair in treating siblings in a different way.
This compensation/reinforcement argument is the strongest one for preferring samples of twins to samples of siblings in the study of intergenerational transmission of schooling. If children have the same genes and grow up at the same time, then there is less space for families' action.
Conclusions
In this paper, monozygotic and dizygotic twins have been used to estimate the intergenerational transmission of schooling. The paper confirms the strong effect of father's education, found in previous twins' studies, but also finds a positive and significant effect, though smaller, of mother's education.
The contributions of the paper to this field of reserach are three. First, it assesses the impact of small sample size on the robustness of the results. Given the size of the intergenerational effects found in this paper, we would need at least 1,000 pairs of twins to be confident that an insignificant coefficient is only due to a true zero effect.
Second, by focusing on the effect of one more year of education separately for children of lower and higher educated parents, the paper narrows the distance between the results provided by the three different identification strategies. When I employ pairs of highly educated parents, I only find a positive effect of father's education, which is what was often found in previous papers when using samples of parents of adopted children, who are on average better educated than the overall population.
On the other hand, when I employ pairs of lower educated parents, I only observe a potentially positive impact of mother's education, which confirms results from papers which exploit a reform of compulsory schooling as an exogenous variation.
Third, the paper compares, in a systematic way, the estimates of the intergenerational transmission of schooling effect obtained from samples of twins and samples of siblings. If there were no differences, we could use siblings from survey data, and make use of interesting information on parenting style, parental time spent with the child, and other family characteristics. However, results provided by the sibling-estimator tend to underestimate the positive effect of an additional year of education of highly educated fathers. 618,550 Notes: average values with standard deviations in brackets; "self-employed" is a dummy variable indicating whether part of the income is from self-employment work; "number of children" is defined for children of any age; "age" at the child's level is measured for all children while the other variables at the child's level are only summarized for children over 22. 799 Notes: coefficients with standard errors in brackets (*** significant at 1% level, ** at 5%, * at 10%); the sample is composed of pairs of siblings whose distance in age is between 9 and 13 months. [5, 706] [6,553] Notes: estimated coefficients with standard errors in brackets (*** significant at 1% level, ** at 5%, * at 10%) and number of families in square brackets; samples of siblings are composed of pairs of siblings whose distance in age is between 9 and 13 months, 14 and 24, … ; other parent's schooling and earnings endowment, divorce, child's age and gender included in the regressions but coefficients not reported. [499] [3, 289] [1,167] Notes: estimated coefficients with standard errors in brackets (*** significant at 1% level, ** at 5%, * at 10%) and number of families in square brackets; samples are composed of twins or siblings who are both lower / higher educated; samples of siblings are composed of pairs of siblings whose distance in age is between 9 and 13 months, 14 and 24, … ; other parent's schooling and earnings endowment, divorce, child's age and gender included in the regressions but coefficients not reported; significant differences between estimates from siblings and twins are reported in curley brackets (*** significant at 1% level, ** at 5%, * at 10%). Notes: probability of rejecting the hypothesis that parental schooling has no effect on children schooling (*** significant at 1% level, ** at 5%, * at 10%), given the effect equal to 0.096 for mothers and 0.158 for fathers; obtained by using the twinestimator and controlling for other parent's schooling and earnings endowment, divorce, child's age and gender. Notes: probability of rejecting the hypothesis that parental schooling has no effect on children schooling (** significant at 5%), given the effect equal to 0.125 for low educated mothers, 0.100 for high educated mothers, 0.076 for low educated fathers, 0.291 for high educated fathers; obtained by using the twin-estimator and controlling for other parent's schooling and earnings endowment, divorce, child's age and gender; total samples are composed of the number of families indicated on the X-axis and then twins, who are both lower/higher educated (on average, 73% of female-twins are both lower educated and 10% higher educated; 50% of male-twins are both lower educated and 22% higher educated).
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